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Field of view enlarged 100 times trom previous image

Yhen we again enlarge our field of view by a factor of
100, our solar system vanishes. The sun is visible as a point
of light, but all the planets and their orbits are now crowded

into the small square at the center. None of the sun's family

of planets are visible. They are too small and reflect too

litde light to be visible so near the brilliance of the sun.

Nor are any stars visible except for the sun. The sun

is a fairly ayerage star, and it seems to be located in a

fairh.average neighborhood in the universe. Although there

are many billions of stars like the sun, none are close

enough to be visible in this diagram of only 11,000 AU in

diameter. The stars are tlpically separated by distances

about ten times larger than this diagram. \(e will see stars

in our next field of view, but, except for the sun at the

center, this diagram is empty.

It is difficult to imagine the isolation of the sars. If the

sun were represented by a golf ball in New York City,

then the nearest star would be another golf ball in Chicago.

Except for the widely scattered stars and a few atoms of
gas drifting between the stars, the universe is nearly empty.
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Field ol view enlarged 100 times from previous image

Our field of view has now expanded out to a diameter

of a bit over 1 million AU. The sun is located at the center,

and we see a few of the nearest stars.

These sars are so distant it is not reasonable to quote

their disances in astronomical units. \(e must define a

new unit of distance, the lighryear. One light-year (ly)

is the distance that light trarels in 1 year, roughly 1013 km

or 63,000 AU. The n@rest star to the sun is Proxima

Centauri at a distance of 4.2 ty' Iight from Proxima Centauri

takes 4.2 years to reach earth' The diameter of our field

ofview is now 17 lY.
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elthough these stars have diameters similar to the sun's'

they are * fut urory we cannot see them as anything but

points of light. Even looking through the largest telescopes

tn earth, we still see only points of light' tn this diagram,

the diameters of the dots represent the brightness of the

stars and not their actual diameters' This is the custom in

astionomical diagrams, and it is also how star images are

recorded on photographs. Bright stars make larger spots

on the photographic plate than faint stars, although they

may not be larger stars'



=ield of view enlarged 100 rimes from previous image. This box r represents rerative size o{crevious frame. (National Optical Astronomy Observatory)

As we expand our field of view by another factor of
100, we find that the sun and its neighboring stars vanish
into the background of thousands of srars. The field of
riew is now 1700 ry in diameter.

Of course, no one has ever journeyed thousands of
Lght years from the sun ro photograph the solar neigh_
borhood, so we use a representative photo of the slry.
Here the diameters of stars' images are related to the
brightness of the stars and not their diameters. The sun
:s a relatively faint star, so we could no longer locate it on
such a photo.

We notice a tendency for stars to occur in ciusters. A
ioose cluster of stars lies in the lower left quafier of the
photograph. \{/e will discover that many stars are born in
clusters andthat both old and young clusters exist in the
sky. Star clusters are forming right now.

\ffhat we do not see is critically important. \il/e do not
see the thin gas that fills the spaces behveen the stars,
Although those clouds of gas are thinner than the best
vacuum on earth, it is those clouds that give birth to new
stars. Our sun formed from such a cloud about 5 billion
years ago. We will see more star formation when we expand
our field of view by anorher factor of 100.
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-rf v ew enlarged 100 tlmes f rom previous mage (@Anglo-Amer can Telescope Board)

: :r.t):'Lrcl our fie1d of \riew b1' anclther factor of
,r.c ogf oli,n Milky \\/a\r galaxt.. Of course, ntr

: lrlr' enougil illto space to photograph our

, - -':t'.tlttir-e iocation ftlr the siin.

. .: Ellbodn5J stars of the previoi-ls figure

lri -.--. . - '- : .' 1Ll0 bilLion stars of the ga1ar1'.

llu:l . : ' .,--r-r' :lrrci fainter than our stln, hut

sonte '.i:c .,,:-- j . i ,. rr1]]rlr-is. Most afe co(rer, bllt
'a i'e\\- :lrr rtll.- -. ..i .'. i :llt stars afe larger. more

luminou,s. or' ir, i.r- ..' -' :-': ' :1r' of the lnvsterles uf

Iliettnirti:t li.. ... ..
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Tr.pical of our galaq'are the graceful spiral arms lnarkccl

br. clusters of bright st.',rs and cloucls of gas \Ire u'iil

cllscor.er that stars ale born iir great ckrucls ofgas ancl dust

passlng tirrough these spir'a1 arms.

Our g'alaxv is roughlv 100,000 1y in clianleter, and untii

aboLrt 70 ,vears ago. astronomcrs thtlught it n'as the entire

universc-an islaticl unir,erse of stars in an othe mrise empff

vastness. Nou, rve loou, tlut out gaiaxv is not ullitlr-tt-

Indeecl, ours is oniy one of hillions ol galuies scxttered

th roughrtut the r-rni.''ersc.
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Eeld of view enlarged 100 times from previous image

As we expand our field of view by another factor of
100. our galaxy becomes a tiny luminous speck surrounded
br- other specks. This diagram includes a region 17 million
I in diameter. Each of these dots represents a galaxy.

We see that our galaxy (arrow) is one of a small cluster
ofgilaxies. This local Group consists of roughlytwo dozen
galaxies scattered throughout a region about 6 million ly
h diameter.

.{mong the galaxies we see here, a few are as large as

Bur osm galaxy, but most are smaller. A few have the
beautiful spiral features we see in our galaxy, but most do

not. Among more distant galaxies we see a few galaxies

twisted into peculiar shapes or wracked by violent erup-
tions. Although astronomers understand why stars differ
from one another, no one is sure what makes one galaxy

different from another, We will find some clues to the
m)ctery when we compare the clusters of galaxies.

One theory holds that the centers of some galaxies

eontain supermassive black holes, which are capable of
swallowing stars whole. Whatever the truth, the evolution
of galaxies must occasionally be marked by events of titanic
violence.
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l of vew enlarqed 100 tlmes Irom previous lmage This box

-.-s frame. (Deta I from galaxy map from M' Seldner' B L'

: reebles, Astronomical Journal 82 11977))

I represents relative size of

S ebers, E. J. Groth,

:.!- ----,r: -'
!ll, rl- .'-:
SC3ilrla-.- -.-

'.1grrin expand our field of view, \\e would

.:,.1 Group of galaxies is part of a large

--..:tci- of clusters. Other galaxies are not
'.- :^: tnroltgl-tout the universe but lie in

filaments outlining voids that seem nearly empty of galaxies'

These appear to be the largest structures in the univetse'

Y/ere we to expand our field of view yet another time, we

woulc1 probably see a uniform sea of filaments and voids'

\Vhen we puzzle over the origin of these structures, we

are at the frontier of human knowledge.

Our problem in studying astronomy is to keep a proper

sense of scale. Remember that each of the bilLions of

clnsters nr:rtr:-- .,:=;: :i:lefclllsters
To represc:-.: :::= ---::'-t::e rt this sca1e, u'e use a diagram

inu,hich eacl.i clol I---:.:-;1i: tl.re location of a single galarl'

At this scale rre 5rr ..t:lt:cli::teLs Linked to form long

I 4 CHAPTER 1 / The Scale of the cosmos



galaxies conains billions of stars. Most of those stars
probably have families of planets like our solar sysrem,
and on some of those billions of planets liquid water
oceans and a protective affnosphere may have spawned
[fe. It is possible that some other planets in the universe
are inhabited by intelligent creatures who share our curi
osity and our wonder at the scale of the cosmos.

SI'UMABY

Our goal in this chapter has been to prwiew the scale of
astronomical obiects. To do so, we journeyed outward
from a familiar campus scene by expanding our field of
dor by factors of 100. Only 12 such steps took us to the
hrgest structures in the universe.

The numbers in astronomy are so large it is not con_
trEnient to express them in the usual way. Instead, we use
*re metric system to simplify our calculations and scientific
lotation to write big numbers easier. The metric system
aad scientific notation are discussed in Appendix C.

We live on the rotating planet Earth, which orbits a
:ather average star we call the sun. \[e defined a unit of
Cistance, the astronomical unil to be the averagedistance
nom Earth to the sun. Of the eight other planets in our
solar system, Mercury is closest to the sun, and Neptune
s curently the most distant at about 30 AU.

The sun, like most stars, is very far from its neighboring
Ears, and this leads us to define another unit of distance,
ne Iighryear. A lighryear is the distance light travels in 1

rcar. The nearest star to the sun is proxima Cefitaui zt a
jlsance of 4.2\y.

is we enlarged our field of view, we discovered that
fe sun is only one of 100 billion stars in our galaxy and
'nar our galaxy is only one of billions of galaxies in the
.anirerse. Galaxies appear to be grouped together in clus-
ire::. superclusters, and filaments, the largest structures
k;:orn.

ls we explored, we noted that the universe is wolving.
lhe earth's surface is evoMng, and so are stars. Stars form
rr:m the gas in space, grow old, and wentually die. \(/e
sr not yet understand how galaxies form or evolve.

-{mong the billions of stars in each of the billions of
grfiuies, many probably have planets, but even the nearest
mars to the sun are too distant for us to see any planets
q- nught have. \fle suppose that some of these plrn"t,
.urc Iike the earth, and we wonder if a few are inhabited
:r' intelligent beings like ourselves.

ilEW TEBTS

scientific notation

astronomical unit (AU)
lighryear (ly)

QUESTIOlIS

1. \fhy are astronomical units and lighryears more con_
venient for measuring astronomical distances than miles
or kilometer.s?

2. In what ways is our universe wolving?

3. Ifhy do all stars, except for the sun, look like points
of light as seen from earth?

4. Why are we unable to see planets bryond the nine in
our solar system?

5. Wrich is the outermost planet in our solar system?
Vhy does this change?

6. tn photographs, some stars look larger than others.
Vhat does this tell us about the stars?

7. How long does it take light to cross the diemeter of
our galary? of the local Group of galaxies?

8. What are the largest known structures in the universe?

9. How many planets inhabited by intelligent Iife do you
think the universe contains? Explain your answer.

PBOBLEiIS

1. How many inches are there in 100 yards? How many
centimeters are there in 100 m?

2. If 1 mile equals 1.609 kn and the moon is 2150 miles
in diameter, what is its diameter in kilometers?

3. The earth rotares once a day and has a radius of 637g
km. \7ith what speed is the equator moving eastward in
km,/sec? in miles/hour?

4. If sunlight takes 8 minutes to reach the earth, how long
does moonlight ake?

5. If the earth were transported to the center of the sun,
would the moon's orbit lie inside or outside the surface
of: the sun?

6. How many suns would it ake, laid edge to edge, ro
reach the nearest star?
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